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We present an analysis of data on light flavour hadron production as function of event multiplic-
ity at LHC energies measured by the ALICE collaboration. The strangeness-canonical approach
within the framework of the THERMUS statistical hadronisation model is used for a simultaneous
description of pp, p-Pb, and Pb-Pb collisions. The rapidity window dependence of the strangeness
correlation volume is addressed and a value of ∆y = 1.33± 0.28 is found. With the exception of the
φ-meson, an excellent description of the experimental data is found.
I. INTRODUCTION
The measured abundances of hadrons produced in
heavy-ion collisions have been successfully described by
statistical hadronization models over a wide range of
energies [1–3]. Thermal-statistical model calculations
for central ultra-relativistic heavy-ion collisions are typi-
cally carried out in the grand-canonical ensemble. How-
ever, a grand-canonical description of particle produc-
tion is only applicable if the volume V = R3 of the sys-
tem is large enough and as a rule of thumb one needs
V T 3 > 1 for a grand-canonical description to hold [4, 5].
It must be noted, that this condition must be fulfilled
for each conserved charge separately. Several attempts
were made to extend the picture of statistical hadroniza-
tion to smaller systems such as pp or even e+e− colli-
sions [6–8]. While particle ratios of non-strange particles
are observed to be very similar in small and large sys-
tems, the production of strangeness appears to be sig-
nificantly suppressed in smaller systems. The data pre-
sented in [9] shows for the first time, that there is a con-
tinuous increase of strangeness production with increas-
ing event multiplicity across various collision systems. In
the strangeness canonical approach, it is assumed that
the total amount of strange hadrons in the volume is
small with respect to non-strange hadrons. Thus the con-
servation of strangeness is guaranteed explicitly and not
only on average while the bulk of the particles is still
described in the grand-canonical ensemble. For further
details on this approach, we refer for instance to [10–
14]. The study presented here utilises the implementa-
tion in the THERMUS code [15]. The experimental data
is taken from [9, 16–22].
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II. CORRELATION VOLUME FOR
STRANGENESS PRODUCTION
Previous studies based on THERMUS were targeted
to describe the evolution of multi-strange particle pro-
duction in p-Pb collisions as a function of event multi-
plicity [18]. In this case, the volume for particle pro-
duction was chosen such that the charged pion multiplic-
ity dNpi/dy at midrapidity corresponding to a window of
y = ±0.5 units was correctly described by the model.
This approach is equivalent to calculating strangeness
suppression for a system whose total extension only cor-
responds to one unit of rapidity. Consequently, the model
describes qualitatively the suppression pattern, but over-
estimates the reduction of strangeness at small multi-
plicities. The discrepancy increases even further if this
approach is extended to the even smaller multiplicities
which are covered in pp collisions.
In the study presented here, a similar approach as
in [18] is followed: the strangeness saturation parameter
is fixed to γS = 1, the chemical potentials µ of baryon
and electric charge quantum number are set to zero, and
the chemical freeze-out temperature Tch is varied from
146 to 166 MeV. Ratios of the production yields to pi-
ons are investigated for several particle species. In order
to cancel the influence of the freeze-out temperature and
to isolate the volume dependence, all ratios except for
K0∗ are normalised to the high multiplicity limit, i.e. the
grand-canonical saturation value for the model and the
mean ratio in the 0-60% most central Pb-Pb collisions
for the data. As the production rates of short-lived res-
onances in central heavy-ion collisions might be reduced
by re-scattering effects in the hadronic phase [17, 19],
the values for K0∗ were normalised to the most periph-
eral bin in Pb-Pb collisions. The resulting double ratios
are shown in Fig. 1.
In contrast to [18], the total volume V of the fireball
was determined differently. While the strangeness con-
servation is also imposed to be of the size of the fireball
(V = VC), its absolute magnitude is not fixed to repro-
duce the pion multiplicity in a window of y = ±0.5 at
midrapidity. Instead, it is fixed to reproduce a pion mul-
tiplicity which is a factor k larger and thus corresponds
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FIG. 1: (color online) Ratios of several particle species measured by the ALICE collaboration as a function of the midrapidity
pion yields for pp, p–Pb and Pb–Pb colliding systems compared to the THERMUS strangeness canonical suppression model
prediction (black line), in which only the system size is varied. All values except for the K0∗ are normalised to the high
multiplicity limit (see text for details). Note that 2 · K0s are used for kaons in pp collisions, while K± are used for p-Pb and
Pb-Pb collisions. The upper axis shows the radius R of the correlation volume V = R3 which corresponds to the predicted
particle ratios. The width of the model prediction line corresponds to a variation of the chemical freeze-out temperature
between 146 MeV and 166 MeV. The data is taken from [9, 16–22].
to a larger rapidity window assuming a flat dependence
of particle production as a function of rapidity. The same
factor of k was used for all particles and multiplicities.
In practice, k corresponds to a constant scaling factor of
dNpi/dy (the x-axis in Fig. 1) and this feature is used for
its numerical determination: the exact value of k was op-
3timised in a one parameter fit of the functions describing
the evolution of the double ratios as a function of dNpi/dy
to the experimental data. For the determination of the
systematic uncertainty on the value of k, an alternative
normalisation scheme for data was applied (normalisa-
tion to the highest available centrality bin) and the pro-
cedure for the determination of k was repeated. A value
of k = 1.33 ± 0.28 is obtained corresponding to a ra-
pidity window of y = ±0.66. The results thus indicate
that the total correlation volume for strangeness produc-
tion extends over about 1.33 units in rapidity. In other
words, strangeness as a conserved quantity in QCD can
be effectively equilibrated over this distance in the sys-
tem. Similar values can be obtained from purely theoret-
ical considerations on causality constraints [23]. Further-
more, the size of the correlation window is also compati-
ble with similar estimates for charm production [24, 25].
We also note that this value is smaller than the plateau
in the rapidity distribution at LHC energies which ex-
tends typically over three to four units [26, 27] and is
thus meaningful from a physical point of view.
III. COMPARISON TO EXPERIMENTAL DATA
AND CONCLUSIONS.
As shown in Fig. 1 this approach allows for an ex-
cellent qualitative description of the particle ratios as a
function of event multiplicity. They can be naturally de-
scribed within in the framework of strangeness canonical
suppression. The deviations observed for the K0∗ meson
in central Pb-Pb collisions can be ascribed to the afore-
mentioned re-scattering effects in the hadronic phase [28].
Furthermore, differences between the model and the data
in the most peripheral Pb-Pb collisions in case of Ω and
Ξ can be potentially reduced with core-corona correc-
tions [29].
From a quantitative point of view, essentially all data
points can be described within 1-2 standard deviations.
A potentially different trend is only observed for the φ-
meson for which – as a strangeness-neutral particle – a
flat dependence as a function of event multiplicity is ex-
pected from the model, but which shows a rising and
falling trend in data. Future experimental data will be
needed in order to clarify the significance of this devia-
tion. It must be noted though, that the φ-meson also de-
viates from a common blast-wave fit to other light flavour
hadrons in peripheral Pb-Pb collisions indicating an out-
of-equilibrium production except for most central Pb-Pb
collisions [19].
Independent of the experimental precision and possi-
ble higher order effects in the particle production mech-
anisms, we find that the strangeness canonical approach
can reproduce the multiplicity dependence of all mea-
sured light flavour hadrons across various collision sys-
tems on the 10-20% level.
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